INTRODUCTION
Despite the fact that recurrent wheezing (RW) in the first year of lifeddefined as three or more episodes of wheezing during that timedand its associated morbidity is a significant global public health problem, there is no international information on its prevalence and severity obtained from the general population with standardised methods and including centres in both high-and low-income countries. It is well recognised that RW in infants significantly affects the quality of life of patients and their families 1 and represents an important cause for using healthcare resources, thus resulting in a large health economic impact. 2 3 In a prevalence study in young children aged 1e5 years from the USA and Europe, it was found that one-third of them suffered from recurrent asthma-like symptoms. 4 Similarly, a high prevalence of RW has been found in the UK among preschool children aged 1e4 years. In that study, the prevalence of current wheezing (one or more episodes) in 1-year-old children was 25.5% in South Asians and 35.6% in white infants. 5 The prevalence of wheezing in the first year of life seems to be higher in developing countries, as found in a birth cohort study from Latin America undertaken in a low socioeconomic urban population. 6 Although the prevalence of RW in infants might be increased in low-resourced populations, 6e8 to the best of our knowledge there is no comparative information which includes infants from different centres in both developing and developed countries.
The hypothesis of the Estudio Internacional de Sibilancias en Lactantes (EISL) study (or International Study of Wheezing in Infants) is that the prevalence of RW during the first year of life is as variable as the prevalence of asthma symptoms in older children, 9 10 and differs between affluent and non-affluent countries. Here we describe the findings of the aforementioned study, which was performed with a standardised methodology and a validated questionnaire 11 12 across different centres in Latin America and Europe.
METHODS
The EISL is a multicountry multicentric crosssectional population-based study carried out using the same methodology in all its centres. The main objective of the EISL is to determine the prevalence of RW and related characteristics in the first year of life (defined as three or more parent-reported wheezing episodes during that time) and to compare it between centres. It uses a standardised questionnaire on wheezing that also includes questions on common cold or upper respiratory tract infection (URTI), treatment modalities such as inhaled bronchodilators (BD), inhaled corticosteroids (ICS) and leukotriene receptor antagonists (LTRA), severe episodes, sleep disturbance, emergency department (ED) visits and admissions to hospital due to wheezing, among others. For questions on URTI, parents were asked if their babies had had acute episodes of common cold with runny nose (watery nasal rhinorroea), sneezing, nasal obstruction, mild cough, with or without mild fever. A parental history of asthma was defined as a positive response to the question on maternal or paternal asthma. The questions on wheezing had been previously validated in physician-diagnosed wheezing (general paediatricians and paediatric pulmonologists) in centres in Latin America and Spain. 11 12 The Portuguese version of the questionnaire was translated from Spanish into Portuguese and back-translated from Portuguese into Spanish. The same was done with the Dutch version.
The methodology used in the EISL was partially based on that employed in phases I and III by the International Study of Asthma and Allergies in Childhood (ISAAC) 13 14 dthat is, random samples, centres in different countries, same methods and questionnaire used by the different participating centres and study supervised by local and national coordinators. The centres that participated in the present study also participated in either ISAAC phase I or III, or both.
The study samples were drawn from the populations living in defined geographical areas (centres) from Latin America (LA), Spain and The Netherlands through scientific networks and focusing on locations of particular interest. A centre in The Netherlands was included for comparison with Spanish centres and, although ethnically different, the European (EU) centres participating in this study share similar high cultural and socioeconomic development and thus can be considered as representatives of fully-developed and well-resourced western countries. Each collaborating centre was responsible for completing a registration document and obtaining its own funding.
The sample size was calculated with reference to RW rather than to the prevalence of one or more episodes of wheezing. If the real prevalence of RW in the first year of life is 20% in one centre and 15% in another, samples of approximately 1000 individuals per centre would have an 80% power to detect a true difference at a significance level of 5%. This number was therefore the sample size sought in each centre.
Subjects and sampling frame
All the primary care health clinics where infants attend for growth/development monitoring and/or vaccine administration, according to the national public health programmes in each country, and located in the geographical area corresponding to an EISL centre were considered for recruiting infants and their parents or guardians. A random sample of those centres was selected providing they could recruit at least 1000 children aged 12e15 months at the time of responding to the questionnaires. Parents or guardians were asked to complete the questionnaire when infants were brought for a scheduled vaccine administration or a preventive healthcare visit at that age, emphasising that questions were only related to events that had occurred during the first 12 months of life of their children and without assistance from centre staff.
In order to test the effect of two different viral seasons, four centres planned their fieldwork to be extended to two consecutive years so they had approximately half of the sample in each year.
Centres performed the survey between March 2005 and March 2007 and those which provided a clean data set by the end of 2007 were included in the present report.
Data analysis
Data from the different participating centres were analysed by SPSS V.13. Descriptive statistics, including 95% CIs, were employed to show the differences between centres and between groups of centres within countries or regions. Crude ORs were used to estimate the strength of the wheezing-related factors in LA and EU. The c 2 test was used to assess the significance of associations and differences between proportions; p<0.05 was considered statistically significant.
The results are expressed as mean (95% CI) except for age which is reported as mean6SD.
RESULTS
There were 17 official EISL centres which supplied 30 093 correctly completed questionnaires (25 030 from 12 centres in Latin America and 5063 from 5 centres in Europe). The mean response rate was 83.2%. The mean age for the whole sample of infants (47.5% female) was 13.461.7 months; 13.361.3 months in LA and 14.563.0 months in EU. The proportion of questionnaires filled out by mothers was 86.5%, by fathers was 5.8% and by guardians was 7.7%.
In the whole sample (all the participating infants from LA and EU) it was found that 45.2% (95% CI 44.7% to 45.8%) wheezed at least once during their first year of life; 20.3% (95% CI 20.8% to 21.7%) had RW; 8.5% (95% CI 8.2% to 8.8%) reported physician-diagnosed asthma; and 16.7% (95% CI 16.3% to 17.2%) of infants had their first episode of wheezing during the first 3 months of life. The prevalence of RW in LA varied from 2.3% in Merida (Mexico) to 36.3% in Porto Alegre (Brazil), while in the EU centres it ranged from 12.1% in Valencia (Spain) to 18.6% in Bilbao (Spain). There was a high variability between centres with respect to the prevalence of RW, physician-diagnosed asthma, severity of wheezing episodes, admissions to hospital due to wheezing and the other related variables both in centres within the same country and between countries. Two centres (Fortaleza and Recife) could not provide data on the prevalence of parental asthma (table 1) .
There was a significant association between having an URTI in the first 3 months of life and wheezing in the same period, and also with RW later. The proportion of infants who had an URTI during the first 3 months of life was significantly higher in LA (38.2%, 95% CI 37.6% to 38.8%) than in EU (30.0%, 95% CI 28.7% to 31.3%). Parental history of asthma was reported in 16.6% (95% CI 16.2% to 17.1%) of infants, and was significantly larger in LA (18.2%, 95% CI 17.7% to 18.7%) than in EU (10.2%, 95% CI 9.4% to 11.0%). Reported physician-diagnosed asthma was also significantly higher in LA (9.20%, 95% CI 8.9% to 9.6%) than in EU centres (4.70%, 95% CI 4.2% to 5.4%). The proportion of infants with RW and reported eczema was significantly higher in LA (56.9%, 95% CI 56.0% to 57.8%) than in EU (20.2%, 95% CI 18.4% to 22.2%).
The prevalence of the severity markers of wheezing (severe episodes, visits to ED and hospital admissions) was significantly lower in EU than in LA (table 1), and this difference was even greater when comparing only infants with RW (table 2) .
When considering only infants with RW (figure 1), there were also large differences between LA and EU centresdand also within the same countriesdregarding use of medications, prevalence of URTI in the first 3 months of life, parental history of asthma, physician-diagnosed asthma, severe episodes and use of health resources (table 2) . The reported use of ICS in infants with RW during the first year of life was 46.1% in the entire population, but it was significantly lower in LA centres (45.0%, 95% CI 43.6% to 46.3%) than in EU (54.2%, 95% CI 50.5% to 57.9%). There was no significant difference between LA and EU in the proportion of infants with RW who had been admitted to hospital and who received ICS (65.5%, 95% CI 63.0% to 67.9% vs 70.2%, 95% CI 61.4% to 79.7%), nor for those who received other medications (BD and LTRA). In the whole sample, the proportion of infants who used ICS was significantly higher in those who had severe episodes (OR 11.80 In centres where prescribing ICS has no or minimal cost for parents, the percentage of infants with RW who had visited the ED and had received ICS was not significantly higher in EU (61.5%, 95% CI 56.4% to 66.3%) than in LA (56.1%, 95% CI 54.3% to 58.0%) whereas in centres where ICS were not available (table 2) the percentage was significantly lower (28.7%, 95% CI 25.9% to 31.6%). A physician diagnosis of asthma was reported in 25.9% of all infants with RW (26.5% in LA and 21.7% in EU). Besides, a diagnosis of asthma was made in 34% of those with RW and severe episodes; in 40% of those with RW and admissions due to wheezing; in 30% of those with reported visits to the ED; and in 32.8% of those who also had a parental history of asthma. The percentage of infants with RW whose parents reported at least one severe episode and also visited the ED was significantly higher in LA (88.9%, 95% CI 87.8% to 89.9%) than in EU (81.0%, 95% CI 76.5% to 84.9%). The percentage of infants with RW and physician-diagnosed asthma who visited the ED (82.8%) was significantly higher than those with RW but without a diagnosis of asthma (67.9%). Also, there was a significantly higher proportion of hospital admissions in infants with RW and an asthma diagnosis (41.7%) than in those without an asthma diagnosis (22.0%).
The prevalence of wheezing-related factors was significantly higher in LA than in EU. The associations between several factors and children from LA centres compared with EU centres (base) are shown in table 3.
In the four centres (two from LA and two from EU) where the prevalence of RW between two consecutive years (two viral seasons) was assessed, it was found that the difference was small and not significant: 1.5% in Cartagena (Spain); 0.6% in Zwolle (The Netherlands); 1.3% in Santiago (Chile); and 2.9% in Curitiba (Brazil).
DISCUSSION
This first international comparison of the prevalence of RW during the first year of life found a high prevalence of this condition, with a large variability among centres and lower prevalence and severity in EU than in LA centres. This study also found a high proportion of infants with RW whose condition was severe, as reflected by sleep disturbance, severe episodes, ED visits and admissions to hospital. This is the first time that this type of information is available at an international level, including infants from centres in countries with different cultural and socioeconomic levels.
The high proportion of ED visits and hospital admissions due to wheezing, severe episodes and frequent sleep disturbance reported by parents of infants with RW in centres in LA and EU suggest a rather poor management of infants with troublesome RW, as found by previous studies in wheezy young children. 4 5 Although the role of ICS in infants with RW is controversial, with reported benefits in infants with multiple trigger wheeze but little effect in episodic viral wheeze, 15 16 this study shows that ICS are commonly prescribed to even the youngest infants with wheeze. There is consistent evidence to support the concept that viral respiratory infections by common respiratory viruses 17 are able to induce immunological changes significantly related with a higher risk of RW during the first year. 18 19 Furthermore, symptomatic rhinovirus illness during infancy is a significant risk factor for the development of preschool RW and asthma. 20 21 In the present study, an URTI in the first 3 months of life was a significant risk factor for RW later during the first year of life, supporting the idea that asthma-like responses may be set up in the first months and triggered by different factorsdmainly common respiratory viruses 17 21 dlater in infancy and childhood. It is not possible to say whether viruses by themselves trigger a response favouring RW or simply reveal a genetic predisposition to this condition, or both.
Although a parental history of asthma and of personal eczema were frequently reported in infants with RW during the first year of life, no more than 40% of those infants were diagnosed with asthma although both conditions are mentioned as important elements to make the diagnosis of asthma in infants with repeated asthma-like symptoms. Low socioeconomic status has been shown to be a risk factor for persistent respiratory problems in infants such as wheezing and pneumonia 6e8 and could be an important determinant for the lower prevalence and severity of RW in infants from EU centres compared with those from LA. However, the differences in the prevalence and severity of RW in infants within and between countries are probably due to complex and multifactorial environmentegene interactions that are distinctive for each locality and capable of modulating the airway responses from very early in life through to adulthood.
The very low and high prevalence of RW found in Merida (Mexico) (2.3%) and Porto Alegre (Brazil) (36.3%) cannot be satisfactorily explained by cross-sectional studies such as this one. It may be that local cultural, genetic and environmental risk/protective factors as well as methodological issues (low comprehension of questions by an important number of parents) are responsible for these findings. However, infants in Merida (Mexico) and Porto Alegre (Brazil) might genuinely represent the lower and upper range of the prevalence distribution spectrum of RW in the region, but this needs to be confirmed by further studies. Apart from the limitations inherent to all cross-sectional studies, the present study in infants during the first year of life has the potential limitation of using a parental report instead of a physician's report. However, parental report of wheezing versus clinical examination was previously validated in infants from LA attending an ED with acute wheezing episodes, 12 and also against examination by a paediatric thoracic physician and clinical records in infants with RW exacerbations followed up in specialised units in LA and Spain. 11 The present study could not include centres from Portugal to compare with centres from Brazil; however, the prevalence of asthma in children from the Iberian Peninsula (Spain and Portugal) is very similar. 9 10 The effect of an eventual yearly variation of the viral season (autumnewinter) on the prevalence of RW may also be considered as a limitation. Nevertheless, the difference found in this regard was quite small and non-significant. The latter would also support the consistency of the methodology used.
The strengths of the present study include its populationbased sampling strategy, large sample size, relatively high response rate and the inclusion of centres with different cultural and socioeconomic levels, thus making the results representative of the participating countries and regions. In addition, the EISL provides previously lacking comparative epidemiological information on RW during the first year of life on an international scale. The parent-reported information on wheezing occurring during the first year of life of the infants and collected when the infants were aged 12e15 months may decrease the chance of maternal recall bias in this study.
Our results suggest that there is room for improvement in the implementation of efficient strategies for the education and management of RW directed to parents and health personnel. It is likely that increasing the awareness of identifying and managing infants with RW, especially those with troublesome symptoms, may result in a decrease in the prevalence of severe episodes, visits to the ED and admissions to hospital.
In conclusion, the present study shows that the prevalence of RW during the first year of life is high in most centres and significantly variable, with a clear trend to be higher and more severe in LA than in EU. In spite of the high prevalence of RW, visits to the ED and admissions to hospital due to wheezing, a relatively infrequent use of ICS in infants with severe disease was reported in a considerable proportion of those infants. The present findings cast some doubts on the 'benign' course and presentation of RW during the first year of life in both affluent and non-affluent countries, and suggest the need for changes in the current approach to the diagnosis and management of RW in order to improve the important deleterious effect of this condition on the quality of life of infants and parents. 
